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Informal Semiconductor Industry Association Discussion with EPA on NMP 
March 12, 2020 

• The Semiconductor Industry Association (SIA) considers the data and information 
submitted to the Agency sufficient to support the conclusion that the conditions of use 
of NMP in semiconductor manufacturing do not present an unreasonable risk to 
workers. 

• SIA provided information to EPA on: 
• Container changeout tasks (Semiconductor Industry Association, Nov. 2019, 

Appendix A pp.6-8, pp.16-17, C-1 thru C-4). 
• Maintenance tasks which may occur in fab, sub-fab or parts clean room 

(Semiconductor Industry Association, Nov. 2019, Appendix A, pp.9-14, p.17, M-1 
thru M-8). 

• Fab Operations - majority of fab workers are occupationally non-exposed 
workers because processes occur in enclosed tools (Semiconductor Industry 
Association. Nov. 2019 Appendix A, p. 14, results pp.17-18, F-1 thru F-6; OECD 
2010). 

• Truck load/offload (Semiconductor Industry Association, Nov. 2019, Appendix A 
pp.14-15, results p. 18, T-1). 

Additional estimates of dermal contact and duration of exposures is provided in 
Semiconductor Industry Association, 2020, Appendix A. 

• No opportunities for exposures occur on loading docks where NMP is delivered. NMP is 
delivered to semiconductor facilities in a variety of container sizes (Semiconductor 
Industry Association, Nov. 2019, Appendix A pp.6-8, C-1 thru C-4}. Chemicals used in 
semiconductor fabs must be maintained at high purity; thus, containers and drums must 
remain sealed until use and are not opened on the loading docks. Containers may be 
opened in fab, sub-fab chemical distribution rooms, or parts clean room by workers 
wearing appropriate personal protective equipment. Such PPE is described in SIA's 
November 2019 submission and our 2020 follow-up. Submission by member companies 
corroborate this information. 

• The following tasks may be performed in sub-fab floor spaces where connections to 
lines/equipment might be made/removed from containers in which NMP is present. 

• Container changeout tasks may be conducted in the fab, sub-fab or chemical 
distribution rooms (Semiconductor Industry Association, Nov. 2019, Appendix A 
pp.6-8, pp.16-17, C-1 thru C-4}. 

• Maintenance tasks may be in fab, sub-fab or parts clean room (Semiconductor 
Industry Association. Nov. 2019, Appendix A, pp.9-14, p.17, M-1 thru M-8}. 
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• Additional information on work shift lengths can be found at: Semiconductor Industry 
Association. Nov. 2019, Appendix A, p.5 and Semiconductor Industry Association, 2020, 
Appendix A. 

• Container handling. During loading and unloading of bulk NMP and waste shipments, 
engineering controls and PPE are used to minimize worker exposure. Semiconductor 
Industry Association, Nov. 2019, Appendix A, pp.14-15. Engineering controls and PPE 
employed to minimized exposure during container changeouts workers are presented in 
Semiconductor Industry Association, Nov. 2019, Appendix A, pp.6-8, pp.16-17, C-1 thru 
C-4. 

• Occupationally non-exposed workers are the majority of workers in the fab. IH 
monitoring data was provided (Semiconductor Industry Association, Nov. 2019, 
Appendix A, p. 14, pp.17-18, F-1 thru F-6.). 

• Training. Workers who may come into contact with chemicals must complete training 
prior to handling chemicals. Example personal protective equipment and glove training 
programs were provided to EPA (Semiconductor Industry Association, 2020. Appendix B; 
Intel, 2019; Intel, 2020). Do you need additional information on training programs? 

• Cardno Chem Risk use of PBPK model and the basis for its output. Cardno-Chem Risk used 
EPA's PBPK model to prepare its own assessment of the occupational exposure of 
semiconductor workers. Modeling with refined exposure inputs and assumptions based 
on best available science shows no unreasonable risk to semiconductor workers. For 
clarification of the PBPK modeling, please refer to the attached supplemental 
information and the report which is found in Semiconductor Industry Association, 2020, 
Appendix A. If EPA personnel have questions, please advise. 

• We concur with EPA's finding that the use of NMP in semiconductor manufacturing does 
not present an unreasonable risk of injury to the environment; therefore, we do not 
address those conclusions here. We note the discussions during SACC meeting and 
concerns were addressed in Intel's January 2020 comments (Intel, 2020). 

• SIA considers all chemical-related exposures under the conditions of use in 
semiconductor manufacturing to be minimal such that no unreasonable risks are 
presented. This conclusion was reached by EPA in another recently released draft risk 
evaluation for a substance that generally poses a greater hazard than NMP. 

• Our members would be happy to work with the Agency to fill any data gaps and in 
support of the conclusion that NMP in semiconductor manufacturing presents no 
unreasonable risk 
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Global Refinements of Draft US EPA Semiconductor Manufacturing 
Scenarios 

Glove Protection Factor 

Dermal Loading 

Surface area of liquid contact 

Dermal contact time 

Shift duration 

Fraction of skin exposed to dermal vapor 

Annual task frequency 

10 

Skin immersion 

One to two hands 

360 to 720 minutes per shift 

30 - 60 hours/week 

25% 

52 weeks per year 

20 (Industry workers handling chemicals 
must undergo glove training) 

0.7 to 2.1 mg/cm2 

Most work activities: 3 fingertips (central 
tendency} and 10 fingertips (high-end) 

20-60 minute per shift 

36 - 48 hours/week 

<2% (Conservative industry assumption 
based on typical skin coverage) 

50 weeks per year 

** NMP was not detected in a majority of personal air sampling, suggesting low potential for residual NMP-containing 
liquid to contact skin 
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Non-Cancer Risk Estimate for Chronic Exposures Following Occupation Use of 
NMP 

Central 

Fab tendency 
20 0.025 12 3 50 0.14 

24.08 20.03 
0.33 7717 30 

workers (50th (m) (f} 

with NMP percentile) 74 (f) 
container 88 (m) 
change High end 
out (95th 

20 0.5 12 4 50 0.41 80.25 66.75 1.0 1883 30 percentile) (m) (f) 

Under EPA assumptions, MOEs indicated the potential for unreasonable risk. 
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Non-Cancer Risk Estimate for Chronic Exposures Following Occupation Use of 
NMP 

Central 
tendency 

20 0.5 12 3 50 0.02 267.5 222.5 0.33 4151 30 (50th (m) (f) 
percentile) 74 (f) 

M alntenance 88 (m) 
High end 
(95th 

20 1 12 4 50 0.70 374.5 311.5 1.0 298 30 percentile) (m) (f) 

Under EPA assumptions, MOEs indicated the potential for unreasonable risk. 
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Discussion 

• In the US EPA's draft risk assessment, dermal exposure to liquid NMP was the major contributor 
to the determination of unreasonable risk 

• Inhalation and dermal vapor exposures had negligible contributions to the unreasonable risk 
determination 

• Dermal liquid contact is unlikely to be the dominant source of NMP exposure for workers in the 
semiconductor industry: 

• IH data indicate a low potential for exposure to NMP based on well-described work and maintenance 
practices supported by air sampling data 

• There are generally limited opportunities for skin contact with NMP-containing liquids due to 
operational conditions, engineering controls, administrative controls and PPE 

• A glove PF of 20 (95% efficiency) is appropriate because employees are provided with comprehensive 
glove training and due to the strict work rules and procedures that must be adhered to in the 
semiconductor industry 

• Prolonged skin contact with NM P can cause dermatitis, blistering or cracking of skin, thus prolonged 
contact (1 or 2 hands immersed in solvent for 30-60 hr/wk) assumed in the US EPA draft risk assessment 
is self-limiting and thus implausible 
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Conclusion 

• The US EPA's preliminary conclusion of unreasonable risk for the use of NMP in 
semiconductor manufacturing reflected a lack of refinement and use of incorrect 
assumptions in the draft risk assessment 

• 1 or 2 hands immersed in concentrated NMP for 360 to 720 minutes per shift 

• Using refined exposure scenarios based on IH monitoring data provided by the 
industry as well as more accurate work task descriptions, acute and chronic 
MOEs were greater than 30 indicating that the use of NMP in the 
semiconductor industry does not present unreasonable risk 
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Main Refinements to Exposure Scenarios 

Typical fab worker 

Fab worker with NMP container change out 

Maintenance 

Virgin NMP truck unloading 

Waste truck I oa ding 

Surface area potentially exposed to NMP: none 

NMP weight percent of 2.5% (central tendency) and 5% (high-end) 

Surface area potentially exposed to NMP-containing liquid: 50% - 70% of 
the palm side of both hands (Note: Workers wear chemical resistant PPE 
and these exposures are not expected to occur) 

Surface area potentially exposed to NMP-containing liquid: 10 finger tips 
(central tendency} to 50% of the palm (high end) (Note: Workers wear 
chemical resistant PPE and these exposures are not expected to occur) 
Weekly shift frequency: 1 day per week (8 hr shift) 
Annual frequency: 1 week per year 

Surface area potentially exposed to NMP-containing liquid: 10 finger tips 
(central tendency) to 50% of the palm (high end) (Note: Workers wear 
chemical resistant PPE and these exposures are not expected to occur) 
Weekly shift frequency: 1 day per week (8 hr shift) 
Annual frequency: once per month (central tendency) or once every three 
weeks (high end} 
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Table 5-1: Summary of PBPK modeling parameters for worker inhalation exposures [updates US 
EPA (2019a} Table 2-31] 

Work A.ctivity 

Container 
f·,andiin9_ srnai! 

containers 

Container 
!v:mdhng, drurns 

Typical fob 
~l'i<:)rker 

Fab v,inrker w'i 
Nh'!P container 

chanqeout 

Maintenance 

Shift 
Pararneter Time 

Characterization 

Central tendency 
( so"' r::>ercentile) 

H\Jh~end 
(9::F rmrcentile} 

Central tendency 
(5tf' oercentile} 

High--end 
(9:51" p,?rcentile) 

C>?ntrn! t.,,nctE.,ncy 
( 501" percentile) 

High-end 
,;95'" n-0rc.:mtile) 

Centrn! tendency 
,;so'"' oE.m::,E.,ntilA) 

H19h-end 
(9S'1' n-ercentile) 

Central tendency 
(5o'" nercentile) 

Hif,Jh~end 
(95"' r:,ercentile) 

{hours/ 
day} 

l2 

l2 

!2 

!2 

!2 

!2 

!2 

!2 

12 

Shift Annual Number Full-Shift NMP P>Jr 
Frequency Frequency of Concentration 

3 

4 

3 

4 

3 

4 

4 

{weeks/ samples 
year) 

50 
14 

5G 

SG 

SG 

5G 

3G 
so 

{rngfm\ TWA) 

0.0'13 

0.14 

0.02 

070 

Central tendency F .1 
\hrgin NMP truck 1--_,._(b'--:·o'-__ t_'' ... r'--'ie'"'·r""c"""e"'"n'""t'-11,::.,"--_, .... ) -+-----+------+------1 

unloHclin9 High-end 

VVaste truck 
loading 

(95''' P•:xcentile) 
Contra! tenctE.:,ney 
(Sinnh:i ,,arno!e) 

Hif,Jh~end 
(Sinffe somp!e) 

u 0.72!. 

B r?.3 0.72 

Source 
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Table 5-2: Summary of worker dermal liquid exposure parameters [updates US EPA (2019a) 
Table 2-32] 

NMP Shift Armua! Skin Surface Area Dermal Body 
Pararneter Glove Weight Frequenq Frquem:y Exposed t Contact Weight 

Work Activity Characterization Protection Fraction Time 
Factor Un!tless (days/ (weeks/ Male Female 

{h} {kg) 
week) y-ear) (cm2} fcnfl 

Containm 
Central tendency 20 0.5 3 50 24 08 20.03 033 

hnnd!ing, small i5d" iiercenti!e) 74 {f} 

c orrh:,iners High-end 20 0.75 4 50 &1.25 fi.l7S 100 
88(m} 

i%'" wrcenti!ei 
Central tendency 20 0.5 3 50 2408 20.03 0,33 

Container i5(f' oorrenti!e) 74{fl 
boodling, drums High--end 

20 075 4 50 /J!J25 W.75 100 
88(m} 

(05m P.Hrcentile) 
Central tendency 

20 N!A 3 50 0 G 0.0 ODO Typical fab (5d~ OOfU,Hltiie) 74 {f} 
·workar High-end 88(rn! 

195m oorcentile) 20 %'A 4 50 0 G G 0 000 

F al.i worker wi 
Central tem:lencv 

20 G.025 3 50 24.GG 20.03 033 I ,~ 
centile) 74{0 Mv'P contnirwr 

chBngeout High-end 
20 GD5 4 50 00.25 W.75 mo 38 (rn} 

(95m f<Brwntl!e) 
Central teooancy 

20 05 3 50 2fH5 2225 0.33 
,.bintenancs (50m ff:lfte:ntib) 74 {fl 

High.end 88(m} 
_j95m ['BfrnntileL. 

20 ·1 4 50 374.5 3·115 100 

Central tendency 20 ·l ·1 1 0025 fa375 0.33 Virgin Nf</P truck (Singm sample) 74{0 
unloading High--end 20 ·1 1 1 267.S 222 .. 5 100 

38 (rn} 
(Singm sample) 
Central tendency 20 O.f}2 l 12 0025 fa3.75 0.33 Waste truck (Single sample) 74{n 

loading High .. end 20 092 l ff:3 2676 222.5 100 
88(m} 

(Sirqle sample) 
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Table 5-4: PBPK model input parameters [updates us EPA {2019a} Table 2-34] 
Fu!l..Shifi NMP NMP 

Shift Shift Annual Skin Surface kea Dermal Body Air Weight time Frequency Frequency Glove Expo$ed Contact Time Weight 
Work Activity Scenario Concentration Fraction Protection 

{hoursJ (days/ (week$/ Factor Male Female 
(mg/m\ TWA} Unitles:$ day} week) year) (em2} {cm'} 

(h} {kg) 

Containsr Central Tendency 0511 0.6 12 3 50 20 24.0b 2L03 {L33 l4 (f) 
handtn;r smail BB (rn) 

contnrnets High-end 0.613 0.75 12 4 50 20 80.25 U6JS 1.UO 

Contoin➔r 
Central Tend.:mcy oon 05 12 3 50 20 24.0B 2003 0.33 74 (f) 

handling, drums 
High-end !557 D-75 12 4 50 20 30.25 66.75 mo BB (rn} 

Cenlml Tendency 0.139 Ni!\ 12 3 50 20 000 0.00 0.00 T4(f) 
Typicti! bb worker 88 (rn} High-end 0.40fl Nl\ 12 4 50 20 0.00 0.00 DDO 

Fab 'Nork.er v/ CGntrnl Tmld.:mcy 0 .. 139 0.025 !2 3 50 20 24.GB 20.03 0.33 74 (f) NLP containr;r BB frn} 
cht1ngeout High-end 0409 0.05 12 4 50 20 30.25 66.75 mo 

Central Tendency 0020 05 12 3 50 20 267,.:'{i 222~50 033 74(0 
khintent1nce 88 (nl} 

Hiqh-end 0.696 I 12 4 50 20 37450 3! 1.50 LOO 

Vrpin NL1P truck Cw,tral Tendency 4.822 /3 20 80,25 66,75 o_:,:s 74 (f) 
union ding Hi[!h--end 4.822 i3 20 267.SO 222.50 i.00 88 

Central Tendency 0715 092 C 12 20 30.25 66.75 0.33 Waste truck ~j 74 (f) 
loading Hiqh-end 0715 0.92 g "! 17.3 20 267.50 222}:~o UJO 8H {rn} 
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Table 5-5: Non-cancer risk estimates for chronic exposures [updates US EPA (2019a) Table 4-28] 

Work Activity 

c:ontaim:ir 
handhng. 

small 
cc,ntainers 

Contain,~?r 
hard!inq, 

drums 

Typin,!bb 
\?lG:fk:.frf 

Health Effect, 
Endpoint and 

Study 

Hq:;n:idu<:thlo 
Effects 

c~e<:rease~J F e.rt~Hl::l 
{ E x.~{·~n i --~ 99 -~ ) 

Hepn:i,ju<:th/,? 
Elfocts 

c~e<:reaser~ Fert~Htl 
{Exxon, !99!) 

Roproduzti',a 
Effocts 

c~rJ<:re~s6c~ Fen~!H:J 
{Exxon, !PW!) 

Reproducfr,e 
EffB-cts l\½,int<ilnance Oecre,~se<l Ferlin-t:y 

truck 
w,!oadin<;i 

{Exxon, ! Pk!) 

Effects 
Decreased Fertility 

{Exxc,n, Hl9 !) 

Hepr,yJx tive 
VV asb::? true h EIT~:ftts 

loading Oecreas,xl Fertility 
{Exxon, ·199 !) 

Chronic 
POD, 
AUC 

(hrmgll} 

Scenario 

Centm! Tendency 

Centm! T,indency 

High-end 

H\Jh-end 

Cenlrn! Tendency 

Central Tendency 

-· -

Weekly Annual 
Average Annual Avernge 
Chronic F Chronic Annual 

Exposure, requency Exposure, Average 
AUC AUC MOE 

(hr mg/L} 

044 

0,02 

G.05 

OJ34 

0.20 

G.27 

0.04 

{weeks 
/year) 

so 

50 

so 

so 

(hr mg/L} 

0.09 

0.02 

G.G2. 

O.G4 

0.0! 

0.04 

2(H8 

864 

31345 

430 

7777 

77-r! 

415! 

29H 

24727 

f-179 

Benchmark 
MOE 

30 

30 

30 

30 

30 

.30 

30 

30 

'.30 

30 

30 

'.30 1.:1. 
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Table 5-6: Non-cancer risk estimates for acute exposures [updates US EPA (2019a) Table 4-27] 

Work Activity 

Contain,s;r 
handling.. smaH 

contwnMs 

Container 
h,indlin;i. drums 

Typical fob worker 

Fflt.< 'NDrker W/ 

NtP container 
changeout 

Virgm NHP truck 
unloading 

\Voste truck 
loadinp 

Health Effect, 
Endpoint and Study 

[kv&iopm.:;ntnl Effects 
Increased Fetal 

Resorptions 
(SaUenfoi( set aL 2003) 
Dev&iopm.:,ntr.! Effects 

Inc.reused Fetal 
Retorptions 

(SaUGnfa1t &ta!.. 2003) 
Developmental Effects 

lncrense/J Fetui 
Resorptions 

.;S;:,Uenfa1t &t i:11 .. 2003) 
Devebpmenta! Effects 

lncmns,:,IJ F&tul 
Resorptions 

{Suii!er.bit et nL. 2003) 
Devebprnental Effects 

lrn:•reased Fetal 
RBsorptions 

{Saii!enbit et a!,. 2C{l;1) 

Deveiopmenta! Effects 
lncru,sc-<1 Fet;:,I 

Resorptions 
{Saii!enbit et a!, 2003) 
Deveiopmental Effects 

Increased FelHI 
Resorptions 

(Saii!enfait et a!, 2003) 

Acute POD, 
c,,,,,.. 

(mgll} 

2!6 

216 

21G 

Central 
Tern:lency 

High-end 

Centri:11 
Tendency 

Central 
Tendenc/ 

(;antral 
Tendenc.y 

Centrnl 
Tendency 

Central 
TGn>:!Emev 

Central 
Tend&ncy 

Hiph-end 

Acute Exposure, 
Peak Blood 

Coneentrat!on 
/om!U 

002 

D.004 

0,i)! 

0004 

0.01 

0.23 

0.025 

MOE 

13107 

60090 

4223 

43443 

1G749 

54U9 

'?42 

!536 

!067 

1417 

Benchmark 
MOE 

30 

30 

30 

30 

30 

30 

1.2 
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